To review and refine Brazilian Household Food Insecurity Measurement Scale structure.
A B S T R A C T Objective
To review and refine Brazilian Household Food Insecurity Measurement Scale structure.
Methods
The study analyzed the impact of removing the item "adult lost weight" and one of two possibly redundant items on Brazilian Household Food Insecurity Measurement Scale psychometric behavior using the one-parameter logistic (Rasch) model. Brazilian Household Food Insecurity Measurement Scale psychometric behavior was analyzed with respect to acceptable adjustment values ranging from 0.7 to 1.3, and to severity scores of the items with theoretically expected gradients. The socioeconomic and food security indicators came from the 2004 National Household Sample Survey, which obtained complete answers to Brazilian Household Food Insecurity Measurement Scale items from 112,665 households.
I N T R O D U C T I O N
In January 2003, around the time when the program Fome Zero (Zero Hunger) 1 was launched, a series of studies were undertaken to adapt and validate to the Brazilian reality an instrument that directly measures household food security. Back then, the absence of direct methods or indicators for following and assessing public policies against food insecurity and hunger was recognized.
In early 2003, a multicentric project was carried out to validate a scale that measured household food security directly, resulting in the, Escala Brasileira da Insegurança Alimentar (EBIA, Brazilian Household Food Insecurity Measurement Scale). Six research institutions participated in all phases of this project, namely the Universidade Estadual de Campinas (Unicamp), coordination, Universidade de Brasília (UnB), Universidade Federal da Paraíba (UFPB), Universidade Federal do Mato Grosso (UFMT), Instituto Nacional de Pesquisa Amazônica (INPA), and University of Connecticut (UCONN) 2, 3 . The North American household food security scale, known as Household Food Security Survey Module (HFSSM), was then considered an appropriate starting point for building a similar instrument in Brazil 4 .
The first stage of the study used qualitative methods in the North, Northeast, Central West, and Southeast regions of Brazil. This phase concerned analyzing the adequacy of HFSSM's food security-related concepts and scale items for the Brazilian population. Seven discussion forums with groups of nutrition experts and Food and Nutrition Security (FNS) policy managers were organized, followed by 11 focal groups with representatives from rural and urban communities 2,3,5 .
The second stage of EBIA's validation process administered quantitative surveys to convenience samples in the same areas of the four Brazilian regions mentioned above, where the expert and focus group meetings took place 2,3 .
The Brazilian Household Food Insecurity Measurement Scale version resulting from the study conducted in 2003 had 15 items, three less than the number of items of the HFSSM, the scale that provided EBIA's foundation. Important structural changes were also made, but they did not affect the theoretical assumptions upon which experience-based household food security scales rest [2] [3] [4] . These assumptions constitute the grouping of concepts that enable estimating food security prevalences and classifying households into three levels of food insecurity severity, namely mild, moderate, and severe.
All quantitative analyses showed that EBIA is an instrument with high internal consistency and ability to reliably predict (external validity) food security and insecurity 6, 7 . The external validity analysis relied on food intake and traditional food access predictors, such as income and education level 2, 3 . 9, 10 . National surveys and many academic studies confirmed EBIA's appropriateness and validity [11] [12] [13] [14] . Nevertheless, the results also indicated the possibility of improving EBIA by adjusting and suppressing some items, and this observation was consistent with the new information that became available in the specialized scientific literature [15] [16] [17] [18] [19] [20] [21] .
The decision to review EBIA after its widespread use for more than six years was communicated to MDS's evaluation managers, who decided to support a meeting of experts to discuss EBIA's reanalysis results. The statistical analyses were discussed by experts and summarized in a technical report for MDS and IBGE.
The objective of this communication is to describe EBIA's refinement process and compare the two versions of the scale with respect to their psychometric characteristics using the Rasch model.
M E T H O D S
The analytical procedures aiming to refine EBIA relied on a one-parameter logistic model, the Rasch model 6, 7, 22, 23 . The Rasch model has historically been used in education knowledge testing. Like other techniques based on Item Response Theory (IRT), this model analyzes binary answers (correct/incorrect or yes/no) to questions distributed in a continuum of increasing difficulty. More recently, this statistical technique has been used for analyzing the internal validity of food security measurement scales with similar item structure and psychometric characteristics 6, 7 .
Rasch model-based analysis estimates the severity of food insecurity (expected scores) of a household and item most consistent with the answers, according to model-dependent assumptions 4, 23, 24 . These procedures also provide close fit statistics (item-infit) for assessing the degree to which each household and each scale Revista de Nutrição http://dx.doi.org/10.1590/1415-52732014000200010 item meet the model's assumptions. This statistic compares the discrimination ability of each item with the mean discrimination given by all items 23, 24 . The final score of the level of food insecurity of each household constitutes a nonlinear scale with intervals distributed along increasing levels of item severity.
As has been done in the field of education 23 , the following assumptions must be met to justify using the Rasch model for analyzing the psychometric behavior of food insecurity measurement scales 8 : a) As the severity expressed by an item of the scale increases, the probability that it is affirmed decreases; b) As the food insecurity of the interviewee increases (as food access becomes harder), the probability that he/she will answer yes to all items increases. The higher the food insecurity of the interviewee (greater difficulty to access food), the higher the probability that he/she will answer affirmatively to all items.
c) The relationship between food insecurity and affirmed items is described by a mathematical formula that corresponds to a logistic model in which the odds of a household classified with a certain degree of food insecurity severity (h) of affirming an item (i) is equal to the power of (h-i):
All scale items have the same power of discrimination.
The use of the Rasch model for assessing the psychometric behavior of food security measurement scales is justified by a fact observed in previous analyses, which indicate that the scales' items are sufficiently consistent with these assumptions 4, 8 . During the process of validation of the original 15-item EBIA for inclusion in the 2004 PNAD's questionnaire, the question "…member older than 18 years cut meal size or skipped meals…" should actually be asking two different things, namely "cutting meal size" and "skipping meals," -thus, this question was disaggregated into two questions. Since this did not change the validity of the scale significantly, this modification was maintained, leading to the 16-item EBIA. The 2004 PNAD analyses included 112,665 households of which 68,369 had at least one member aged less than 18 years, and the remainder 44,296 households had only adults. All the households sampled by PNAD 2004 that had no missing data for any of the 16 EBIA items were included in the analyses.
The Brazilian Household Food Insecurity Measurement Scale reanalysis using the Rasch model included the progressive and alternated exclusion of each item. First, the item "interviewee lost weight" (EB9) was removed, followed by the item "adult cut meal size" (EB5a), and lastly, "adult started skipping meals" (EB5b). The Rasch analysis was repeated at each step, as each item was excluded, to measure the psychometric behavior of the resulting scale. Basically, the fit of the items to the expected model (infit) was analyzed, with values between 0.7 and 1.3 being considered appropriate, observing the severity measure sequence of each item. At the end, this analysis was repeated with the 14-item EBIA (EBIA14).
In the second stage of the study, we tested the predictive or external validity of EBIA14. Tentative cut-off points were used for classifying households with and without individuals under 18 years of age into different levels of household food insecurity. These levels were then associated with different socioeconomic and demographic factors, including household income and skin color of the household head. Chi-square tests were used for examining these statistical associations using p<0.05 as a criterion for statistical significance. Table 1 shows the Rasch analysis for 68,369 households with at least one person under 18 years of age. The items' fit (infit) and severity were similar in the 16-item scale and the alternative 15-item and 14-item scales. This shows that the omitted items did not affect EBIA's internal consistency.
R E S U L T S
In the 15-item Brazilian Household Food Insecurity Measurement Scale, when the following items were removed one at a time, "adult ate less than he/she felt he/she should" and "adult cut meal size", the fit statistic (infit) changed slightly; the most significant change occurred in the item "adult lost weight": the infit value increased from 1.21 to 1.55 and 1.56, respectively, hence beyond the appropriate limits (0.7 and 1.3). However, when only the item "adult lost weight" was excluded, all items presented appropriate infit values, and the item "worried" presented a marginally acceptable value (1.36). Also, in the 15-item EBIA, the fit of the item "individual aged less than 18 years did not consume a healthy and varied diet" fell within the optimal interval (0.8 to 1.2), contrasting with its less than optimal fit in the 16-item EBIA (Figure 1) .
In relation to the Brazilian Food Insecurity Measurement Scale 14, the magnitude of the severity measures of the items follows the same pattern. When EBIA16 and EBIA14 are compared, the item severity values have very similar magnitudes and follow the same sequence order. As theoretically expected the severity values of the items decreases exponentially from the more to the less severe items (Figure 2 ). The item "the child did not eat all day" has the highest and the item "household members were worried" has the lowest severity measure. The ordering of the items according to their level of severity meets one of the key assumptions of the Rasch model: "the higher the severity of a scale item, the lower its probability of being answered affirmatively" (p.66) 8 . It is possible to group items according to the proximity of the clustering of their severity measures, taking into account the theoretical assumptions of the household food security measurement scales: a) in a mild food insecurity situation, families develop strategies to ensure access to foods that may compromise the quality of their diet; b) if the coping strategies are not effective or the condition that compromised food access did not change, there is food restriction, especially for the adults, and c) the household adults and children experience hunger 4 . The . grouping by level of severity and the corresponding frequencies of affirmed items (Table 2) characterize these conditions: group A represents mild food insecurity, group B, moderate food insecurity, and group C, severe food insecurity. These conceptual groupings along with the Rasch analysis results provide the basis for establishing the cutoff points of the 14-item scale, which are not presented in this article.
The Brazilian Food Insecurity Measurement Scale 14's predictive ability (external validity) was also studied by assigning households to food insecurity using tentative cutoff points. In households with a family income per member equivalent to 25.0% of the minimum salary or less, the prevalence of severe food insecurity is 28.9%. By contrast, the corresponding prevalence is 0.2% in households whose members have an income of five minimum salaries or more. Similar results were found when the sociodemographic characteristics of the household head were analyzed by level of food insecurity. Severe food insecurity is 3.5 times more prevalent among families with a Black vs. a White household head. Severe food insecurity is 2.9 times more prevalent in households where the head has 5 years or less vs. more than 5 years of schooling. Other indicators, such as household size, employment, and gender of the household head, are associated in similar ways with food insecurity. All of these associations are statistically significant.
D I S C U S S I O N
Food insecurity can be associated with both weight loss and weight gain 19, [20] [21] [22] . This change is especially appropriate in the context of the nutritional transition seen in Brazil 16 characterized by high prevalences of overweight and obesity, especially among the poorest, and therefore, most vulnerable to food insecurity 17, 22 . The exclusion of this item was based on psychometric analysis and does not affect the conceptual foundation of EBIA.
Additionally, the identification of two questions with similar semantic meaning, "adult 1. In the last 3 months, did household members worry that they would run out of food before being able to buy or receive more food?
2. In the last 3 months, did household members run out of food before having money to buy more?
3. In the last 3 months, did household members run out of money to have a healthy and varied diet?
4. In the last 3 months, did household members eat only a few kinds of foods they still had because they had run out of money?
5. In the last 3 months, did any household member 18 years old or older skip a meal because there was no money to buy food?
6. In the last 3 months, did any household member 18 years old or older eat less than what he/she felt he/she should because there was no money to buy food?
7. In the last 3 months, did any household member 18 years old or older feel hungry but did not eat because there was no money to buy food?
8. In the last 3 months, did any household member 18 years old or older have just one meal a day or didn't eat for a whole day because there was no money to buy food? 9. In the last 3 months, did any household member aged less than 18 years stop having a healthy and varied diet because there was no money to buy food?
10. In the last 3 months, did any household member aged less than 18 years not have enough to eat because there was no money to buy food?
11. In the last 3 months, did any person in your household aged less than 18 years have to reduce the size of meals because there was no money to buy food?
12. In the last 3 months, did any household member aged less than 18 years skip a meal because there was no money to buy food?
13. In the last 3 months, did any household member aged less than 18 years feel hungry but could not eat because there was no money to buy more food?
14. In the last 3 months, did any household member aged less than 18 years have just one meal a day or went without eating for a whole day because there was no money to buy food?
Note: Data Source: IBGE -PNAD 2004; FI: Food Insecurity.
Source: Pesquisa Nacional por Amostra de Domicílio, 2004 (National Household Income and Expenditures Survey). cut meal size" and "adult ate less," led to the realization that these items had similar infit values and severity measures, confirming that they were redundant, and therefore, one of them should be excluded. Hence, the former reports of interviewees interpreting these two questions similarly are confirmed.
These analyses enabled the study authors, IBGE researchers, food security policy management technicians, and other experts to gather in a seminar promoted by the MDS and adopt, by consensus, the new EBIA14 scale (Chart 1). On this occasion, IBGE researchers decided to reanalyze PNAD 2004 data and analyze PNAD 2009 data with the new scale, thereby allowing comparison of the results of these two nationally representative surveys 10 .
Only a few countries besides Brazil use the scientific data produced by reliable and valid measures to analyze their public policies against food insecurity. Data generated by academic studies [11] [12] [13] [14] [15] 19, 20, 25, 26 supported or not by public and governmental research institutions like IBGE [8] [9] [10] have been useful for the development of evidencebased public food and nutrition security policies 27 and thus help to improve food security governance 28 , a fact that strongly motivated us to refine EBIA.
C O N C L U S I O N
The changes proposed for EBIA consist of refinements that update it with respect to the Brazilian nutritional reality and simplify its content by excluding a redundant item. At the same time, it reduces the costs of its administration by national surveys conducted by IBGE.
The Brazilian Food Insecurity Measurement Scale's refinement did not change its internal consistency or modify the ordering of the 14 items when these were compared against the expected theoretical sequence.
The Brazilian Food Insecurity Measurement Scale 14 has high internal consistency and high predictive ability (external validity), which strongly encourages its nationwide use as an instrument for measuring household food security and insecurity.
The next step in this research study is to determine EBIA14's cutoff points for classifying households with (14 items) and without (8 items) individuals under 18 years of age according to the level of household food (in)security. The goal is for these cutoff points to detect equivalent levels of severity in household with and without children using Rasch item severity comparative analyses. These analyses will involve comparing Rasch item severities in households with and without individuals under 18 years of age. For this purpose we will use representative EBIA14 data drawn from diverse national surveys, including PNAD 2004, PNAD 2009 , PNAD 2013 , PNDS 2006 , and other surveys conducted in specific vulnerable populations. The cutoff points will then be tested for consistency across surveys. Once the final set of cutoff points is determined, we will proceed to estimate the prevalences of household food insecurity and compare them with the prevalences previously determined by EBIA16 and their corresponding cutoff points. We expect that this effort will allow Brazil to monitor household food insecurity and help improve food security governance using well validated cutoff points for EBIA14 that we conclude, based on the findings reported herein, has very strong psychometric validity and utility in the Brazilian context. We strongly recommend Brazil to adopt EBIA14 as its national household food security measure.
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